ABSTRACT Increased mortality from cancer of the lung has been found in several studies of miners exposed to high levels of radioactivity in underground air. In view of their exposure to raised levels of radiation, we have studied the mortalitv of a group of men recorded as Cornish tin miners in 1939. Using occupational description, a crude classification of exposure was derived for these miners. The meaningfulness of this classification was supported by differences in mortality from silicosis and silicotuberculosis. A twofold excess of cancer of the lung was found for underground miners, while for other categories mortality from this cause was less than expected. This supports the findings of previous studies on exposure to radon and its daughters. An excess of cancer of the stomach was also observed among underground miners.
Metalliferous miners exposed to high levels of radioactivity, such as uranium miners in Colorado' and Czechoslovakia2 and Newfoundland fluorspar miners,3 have been shown to have increased mortality from lung cancer. The only British study of such a group concerns haematite miners in Cumberland.4 As high levels of radon and its daughters have been consistently recorded in tin mines in Cornwall, these studies suggested that it would be useful to look at the health of men working in these mines.
Although the National Radiological Protection Board (NRPB) recently established a National Register of Radiation Workers to monitor possible radiation-linked effects,56 this register did not include records of tin miners. We therefore looked for alternative ways Fox, Goldblatt, and Kinlen descriptions "underground" and "surface" in these data represent a meaningful exposure measure. This study points to an excess of lung cancer among underground miners but not among surface workers. Although smoking habits were not available, this exposure-related excess was unlikely to be attributable to differences in smoking; there is evidencel' that because of restriction in smoking at work, below-ground miners smoke less than those working above ground.
The twofold increase in this study probably reflects raised levels of radon reported from tin mines in Cornwall. Increased mortality from lung cancer has been reported in several other groups of miners exposed to raised levels of radon daughters in underground air. These include uranium miners in Czechoslovakia2 and Colorado, USA,' as well as Newfoundland fluorspar miners3 and metal miners in Sweden." Excess lung cancer has been recorded among Cumberland haematite miners, where there are also raised levels of radon daughters. In the latter case, however, the excess may possibly be partly due to iron ore itself.4
Levels of radon daughters that may have influenced mortality reported here are mainly those to which miners were exposed before the war. The earliest known measurements, however, were those carried out by NRPB in 1967-8. These indicated average working levels of 3-4 and 1 2 in the two principal mines in the areas covered by this study ( Although the SMR for lung cancer among underground miners was higher (282 based on 11 deaths) in the area containing the mines with higher levels of radon daughters in 1967-8 than in the other area (SMR of 183 based on 17 deaths), the difference was not statistically significant.
Increased mortality from stomach cancer was also noted in this study. Occupational differences were evident in that this excess was greatest in underground miners and least in surface workers (table 2) . These data are consistent with two previously suggested hypotheses. One is that men engaged in more strenuous work have higher rates of stomach cancer;12 the other is that stomach cancer is related to exposure to dust.10 13 14 NHSCR records do not include detailed employment histories. The Medical Research Council, however, in an earlier study of a mine included here collected such records (J Boyd, personal communication). These have been made available to us and, by integrating the records of the two studies, we intend to investigate the relation between mortality and duration of exposure. The present finding of an excess of lung cancer among underground tin miners may largely reflect exposure many years ago. In recent years reductions in the levels of radon daughters have repeatedly followed improvements in ventilation.'5 Raised levels of radon daughters, however, continue to be recorded, and studies of men with more recent exposure are required to evaluate any continuing hazard.
